We determined the effects of hCG on ovarian response, concentration of progesterone, and fertility in a fixed-time AI (TAI) protocol. Four hundred forty-four crossbred beef heifers were synchronized with the CO-Synch + CIDR (controlled internal drug-releasing insert) protocol. In addition, heifers were randomly assigned to 1 of 4 treatments in a 2 × 2 factorial arrangement of treatments with main factors being 1) pretreatment, no treatment (control), or treatment with 1,000 IU of hCG 14 d before the initiation of the CO-Synch + CIDR protocol and 2) treatment, administration of 1,000 IU of hCG or 100 µg of GnRH at CIDR insertion of the CO-Synch + CIDR protocol. Blood samples were collected from all heifers on d −21, −14, −7, 0, and 2 relative to PGF 2α injection. Transrectal ultrasonography was used to examine ovaries in a subset of heifers (n = 362) on d −7 and 0 relative to PGF 2α , and to determine pregnancy status of all heifers on d 33 and 82 relative to AI. Pregnancy rates were similar for heifers pretreated with control (33.0%) or hCG (36.4%), whereas pregnancy rates were greater (P < 0.01) for heifers treated with GnRH (40.1%) compared with hCG (29.0%) at CIDR insertion. Heifers pretreated with hCG had more (P < 0.01) corpora lutea present on the day of CIDR insertion and the day of CIDR removal compared with untreated heifers. A greater proportion (P < 0.01) of heifers ovulated as a result of administration of hCG at the time of CIDR insertion (59.0%) compared with GnRH (38.7%). Heifers treated with hCG at CIDR insertion had greater (P < 0.01) concentrations of progesterone compared with those receiving GnRH at the time of CIDR removal (2.42 ± 0.13 vs. 1.74 ± 0.13 ng/mL; P < 0.01) and at fixed-time AI (0.52 ± 0.03 vs. 0.39 ± 0.03 ng/mL; P < 0.01). Therefore, hCG was more effective than GnRH in its ability to ovulate follicles and to increase concentrations of progesterone in beef heifers. Presynchronization with hCG 14 d before CIDR insertion did not alter pregnancy rates, whereas replacing GnRH with hCG at CIDR insertion decreased pregnancy rates.
INTRODUCTION
Ovulation to the first injection of GnRH in estrus synchronization protocols is related to likelihood of pregnancy establishment (Vasconcelos et al., 2001) . However, only 45 to 60% of heifers ovulated after injection of GnRH at random stages of the estrous cycle (Macmillan and Thatcher, 1991; Pursley et al., 1995; Moreira et al., 2000; Atkins et al., 2008) .
Human chorionic gonadotropin is secreted by the trophoblast cells of a human embryo beginning around d 7 after fertilization (Bergh and Navot, 1992) . When administered to cattle, hCG acts directly on the ovary (Yavas et al., 1999) , causing ovulation, follicular wave emergence, and corpus luteum (CL) formation (Niasari-Naslaji et al., 1996; Diaz et al., 1998) . Preliminary studies in our laboratory demonstrated that 1,000 IU of hCG was more effective at inducing ovulation and increasing concentrations of progesterone in prepubertal heifers compared with 100 µg of GnRH (Dahlen et al., 2011) .
Exposure to a progestin or progesterone may result in initiation of cyclicity in noncyclic or prepubertal females (Short et al., 1976) . In addition, heifers inseminated after the third pubertal estrus had greater pregnancy rates compared with heifers bred at first estrus (Byerley et al., 1987) . Our hypothesis was that a mixed population of cyclic and acyclic heifers would have increased concentrations of progesterone after receiving hCG before the initiation of estrous synchronization and would exhibit increased pregnancy rates. In addition, a greater proportion of heifers receiving hCG during estrus synchronization would ovulate and may have greater subsequent pregnancy rates to a fixed-time AI (TAI) protocol.
The objectives of this research were to determine the effects of administration of hCG 14 d before the initiation of, or in place of, GnRH at the initiation of a TAI protocol on ovarian dynamics, concentrations of progesterone, and pregnancy rates in cyclic and prepubertal heifers.
MATERIALS AND METHODS
Management of heifers for the duration of this trial was in accordance with guidelines set forth in the Guide for the Care and Use of Agricultural Animals in Agricultural Research and Teaching (FASS, 1999) , and all procedures were approved by the University of Minnesota's Institutional Animal Care and Use Committee.
Animals and Treatments
Four hundred forty-four replacement beef heifers at a single location, but originating from 3 sources (source 1, n = 28; source 2, n = 334; and source 3, n = 82), were synchronized using the CO-Synch + CIDR (controlled internal drug releasing insert) protocol (Lamb et al., 2006) . In addition, heifers were randomly assigned (within source of origin) to 1 of 4 treatments in a 2 × 2 factorial arrangement of treatments with main factors being 1) pretreatment, no treatment or treatment with 1,000 IU of hCG (Chorulon, Intervet Animal Health, Millsboro, DE) 14 d before the initiation of the CO-Synch + CIDR protocol and 2) treatment, administration of 1,000 IU of hCG (Chorulon) or 100 µg of GnRH (Ovacyst, IVX Animal Health, St. Joseph, MO) at CIDR (1.38 g of progesterone, CIDR EAZI-Breed; Pfizer Animal Health, New York, NY) insertion of the CO-Synch + CIDR protocol.
Heifers were exposed to fertile bulls (25 heifers per bull) for natural service beginning 10 d after TAI until the conclusion of the breeding season (d 82). Transrectal ultrasonography (5.0-MHz linear array transducer, Aloka 500V, Wallingford, CT) was used to determine the presence of a fetus in all heifers on d 33, and the presence and age of a viable fetus on d 82 after TAI in heifers confirmed pregnant on d 33. Pregnancy loss was defined as a heifer pregnant on d 33 that lacked a viable fetus on d 82. Palpation per rectum was used to determine final pregnancy status in all heifers 130 d after TAI.
Blood Samples and RIA
Blood samples (10 mL) were collected from all heifers on d −31, −21, −14, −7, 0, and 2 relative to CIDR removal via jugular vein or coccygeal vessels. On d −7, blood was collected before CIDR insertion and treatment administration. To ensure that concentrations of progesterone associated with luteal development on d 0 were not confounded with progesterone from the CIDR, blood samples were collected 2 to 4 h after CIDR removal. Within 2 h of CIDR removal, concentrations of progesterone from a CIDR were reduced from 2.8 to 0.5 ng/mL in ovariectomized cows (Rathbone et al., 2002) . Injections of PGF 2α (Lutalyse, Pfizer Animal Health) were administered concurrent to CIDR removal on d 0. Blood was refrigerated at 4°C for 24 h after collection, centrifuged at 1,500 × g for 15 min at 5°C, placed in sample vials, and stored at −20°C until analysis.
Concentrations of progesterone in serum were determined by RIA (Coat-A-Count Progesterone, Siemens Healthcare Diagnostics, Los Angeles, CA). The assay kit was validated for bovine serum (Kirby et al., 1997) using an assay volume of 100 µL. A standard curve was calculated using tubes containing 0.01, 0.025, 0.05, 0.2, 0.5, 1, 2, and 4 ng/tube, respectively. Intra-and interassay CV were 5.3 and 8.1%, respectively. Blood samples collected on d −31 and −21 were used to determine cyclic status at the initiation of treatments. When either or both of 2 blood samples contained concentrations of progesterone ≥1 ng/mL, the heifer was considered to be cyclic at the initiation of treatments.
Heifer Source
Initial BW of each heifer was determined on d −31 and final BW was determined 163 d later. Heifers from source 1 originated from a single cow herd and were managed at the site of the experiment. Breeds of the heifers comprised commercial Angus, Red Angus, and Angus crossbred. Initial BW was 298 ± 5.6 kg (mean ± SE), and final BW was 396 ± 6.7 kg. At the initiation of treatments (d −21), 64% heifers from source 1 were cyclic.
Heifers from source 2 were purchased from various auction markets at least 6 mo before initiation of the experiment. Heifers were comingled and managed at the site of the experiment. Breeds of the heifers comprised commercial Angus and Angus crossbred. Initial BW was 312 ± 1.7 kg, and final BW was 407 ± 1.9 kg. At the initiation of treatments, 56% of heifers from source 2 were cyclic.
Heifers from source 3 originated from a single cow herd and were managed at an operation 230 km from the site of the experiment. One week before initiation of the experiment (d −31) heifers were transported to the site of the experiment. Breeds of the heifers comprised commercial Angus, Red Angus, and Angus crossbred. Initial BW was 232 ± 3.5 kg, and final BW was 361 ± 3.9 kg. At the initiation of treatments (d −21), 31% of the heifers from source 3 were cyclic.
For the duration of the experiment all heifers were managed in a rotationally grazed grazing system with ad libitum access to native bluegrass (Poa pratensis L.) and orchardgrass (Dactylis glomerata L.) pastures.
Ovarian Transrectal Ultrasonography
Ovaries of heifers from sources 1 and 2 were examined at CIDR insertion (d −7) and CIDR removal (d 0) by transrectal ultrasonography (7.5-MHz linear array transducer, Aloka 900V or Aloka 500V) to determine response of ovarian structures to treatment. The diameter of the largest follicle on each ovary was measured, and the number of follicles >5 mm and number of CL on each ovary were determined at each examination. To determine whether heifers ovulated in response to treatments, ovarian data on d −7 were compared with data from d 0. Because heifers were either prepubertal or at random stages of the estrous cycle when treatments were applied, the following criteria were used to determine whether heifers ovulated in response to treatment administration:
Ovulation did occur when 0 CL were present on d −7 and ≥1 CL were present on d 0; 1 CL was present on d −7 and 2 CL were present on d 0; 2 CL were present on d −7 on the same ovary and 1 CL was present on each ovary on d 0; 1 CL was present on each ovary on d −7 and 2 CL were present on either ovary on d 0; or when 2 CL were present on an ovary on d −7 and 1 CL was present on each ovary on d 0.
Twenty-four heifers (12 treated with hCG, and 12 treated with GnRH, respectively) had the same number of CL present at each scan, but on opposite ovaries. In these instances, CL regression may have occurred and a new CL was present on the contralateral ovary on d 0. Alternatively, a recording error may have inadvertently indicated that the CL was on the opposite ovary at either scan. Therefore, these heifers were removed from the data set for analysis of ovulation to treatment on d −7.
Ovulation did not occur when 0 CL were present on d −7 and 0; 1 CL was present on d −7 and 0 CL were present on d 0; 1 CL was present on d −7 and 1 CL was present on the same ovary on d 0; 2 CL were present on the same ovary on d −7 and 2 CL were present on the same ovary on d 0; or 1 CL was present on each ovary on d −7 and 0.
Statistical Analysis
Procedure GENMOD (SAS Inst. Inc., Cary, NC) was used to analyze all categorical data, and procedure GLM (SAS Inst. Inc.) was used to analyze noncategorical data. Means were separated by using the least significant difference in procedure GLM when a protected F-test (P ≤ 0.05) was detected by ANOVA.
Fertility data were analyzed using procedures GEN-MOD and GLM of SAS. Model terms included pretreatment, treatment, cyclic status, and all 2-and 3-way interactions, plus heifer source as a regression variable.
Heifer source was not significant (P > 0.10) for any of the remaining variables and was removed from subsequent models. Data for concentrations of progesterone, number of CL, and number of follicles present at each ovarian scan, diameter of ovulatory follicles on d −7, and diameter of dominant follicle on d 0 were analyzed using the GLM procedure of SAS in a model that contained the effects of pretreatment, treatment, cyclic status, and all 2-and 3-way interactions.
Data for the proportion of heifers experiencing treatment-induced ovulations were evaluated using procedures GENMOD of SAS. Model terms included pretreatment, treatment, cyclic status, and their respective 2-and 3-way interactions.
Factors resulting in ovulation on d −7 and the subsequent ovarian structures and concentrations of progesterone on d 0 were evaluated using the GLM procedure of SAS. This model included treatment-induced ovulation as a binomial class variable with additional model terms of pretreatment, treatment, cyclic status, and all 2-and 3-way interactions. A similar model was used to evaluate factors resulting in pregnancy.
RESULTS

Sources
Heifers from source 2 were the heaviest and source 3 the lightest (Table 1) . It followed that the proportion of cyclic heifers was greater (P < 0.05) for sources 1 and 2 than source 3. In addition, heifers from sources 1 and 2 had heavier (P < 0.05) final BW and less (P < 0.05) ADG throughout the breeding season compared with heifers from source 3. Pregnancy rates on d 33 and 130 were greater (P < 0.05) for sources 1 and 2 compared with source 3.
Fertility to Treatments
Pregnancy rates of cyclic heifers pretreated with hCG on d −21 (41.6%; 47 of 113), and noncyclic control heifers (37.6%; 41 of 109) tended (P = 0.06) to be greater than cyclic control heifers (28.7%; 33 of 115), whereas noncyclic heifers pretreated with hCG were intermediate (30.8%; 33 of 107; pretreatment × cyclic status P < 0.05).
Heifers treated with hCG at the time of CIDR insertion (29.0%; 63 of 217) had reduced (P < 0.01) pregnancy rates on d 33 compared with those treated with GnRH (40.1%; 91 of 227). No (P > 0.10) treatment × pretreatment or treatment × cyclic status interactions were present for pregnancy rate. Pregnancy loss between d 33 and 82 after TAI was 4.5% (7 of 154), and no differences (P > 0.10) were observed among treatment or pretreatment. No differences (P > 0.10) among pretreatment or treatment were present in overall pregnancy rates (81.3%; 361 of 444) at the end of breeding.
Ovarian Structures
Heifers pretreated with hCG on d −21 had larger (P < 0.05) follicles at the time of CIDR insertion (d −7) and a greater (P < 0.01) number of CL present at CIDR and at CIDR removal (d 0) compared with control heifers (Table 2) . Pretreatments were similar (P > 0.10) in the number of follicles >7 mm, >9 mm, diameter of follicle that ovulated, or the diameter of the largest follicle present on d 0.
Ovulation rates after treatment on d −7 were greater (P < 0.01) for hCG-than GnRH-treated heifers, and subsequently, a greater (P < 0.01) proportion of heifers had CL on d 0 for hCG-than GnRH-treated heifers (Table 2 ). Mean diameter of follicles that ovulated were similar (P > 0.10) between GnRH-and hCG-treated heifers. Heifers treated with hCG at CIDR insertion had fewer (P < 0.01) follicles >7 mm or >9 mm, and smaller (P < 0.05) dominant follicles at the time of CIDR removal compared with those treated with GnRH. Multiple ovulations occurred in 4.8% (8 of 166) of hCG-and 1.7% (3 of 173) of GnRH-treated heifers after treatment on d −7. Of heifers that had multiple ovulations, 9 heifers ovulated 2 follicles, whereas 2 heifers ovulated 3 follicles (both in response to hCG).
There was an interaction (P < 0.01) between treatment-induced ovulation and pretreatment (untreated or treatment with hCG on d −21) for diameter of the Within a row, means without a common superscript differ (P < 0.05).
1 Replacement heifers were managed at a single location throughout the experiment but originated from 3 sources (1, 2, and 3). Within a row, means without a common superscript differ (P < 0.01).
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Within a row, means without a common superscript differ (P < 0.05). largest follicle present on d 0. Heifers treated with hCG on d −21 that did not ovulate after treatment administration on d −7 had follicles larger (P < 0.05) on d 0 compared with untreated heifers that did not ovulate, which were larger (P < 0.05) than hCG-treated heifers that ovulated (Figure 1 ). In addition, pregnancy rate on d 33 was affected by an interaction among treatment-induced ovulation and pretreatment (untreated or treatment with hCG on d −21; P < 0.05).
Concentrations of Progesterone
Heifers pretreated with hCG (2.95 ± 0.20 ng/mL) on d −21 had greater (P < 0.01) concentrations of progesterone on d −14 compared with heifers not treated on d −14 (2.17 ± 0.19 ng/mL). When the change in concentrations of progesterone from d −21 to −14 was evaluated, a cyclic status × pretreatment interaction was present (P < 0.01). Fewer (P < 0.01) noncyclic control heifers (23.9%; 26 of 109) had an increase in concentrations of progesterone >0.5 ng/mL from d −21 to −14 compared with noncyclic heifers treated with hCG (60.0%; 63 of 105) or cyclic heifers in either group (54.9%, 62 of 113; and 61.4%, 70 of 114, for cyclic control and hCG heifers, respectively). Noncyclic heifers in the control pretreatment (1.37 ± 0.18 ng/mL) had decreased (P < 0.01) concentrations of progesterone on d 0 compared with control heifers that were cyclic (2.57 ± 0.18 ng/mL) and all hCG-treated heifers (2.23 ± 0.10 and 2.14 ± 0.19 ng/mL for cyclic and noncyclic, respectively). In addition, on d 0 and 2, heifers treated with hCG (2.42 ± 0.13 and 0.52 ± 0.03 ng/mL for d 0 and 2, respectively) had greater concentrations of progesterone compared with those treated with GnRH (2.74 ± 0.13 and 0.39 ± 0.03 ng/mL on d 0 and 2, respectively).
No interaction among treatment and number of CL was detected for concentrations of progesterone at the time of CIDR removal (P > 0.10). However, concentrations of progesterone at the time of AI were affected by treatment × CL number interaction (P < 0.05; Figure  2 ). Heifers treated with GnRH regardless of CL number and hCG-treated heifers that had 1 CL had concentrations of progesterone less (P < 0.01) than hCG-treated heifers with 2 or more CL. Heifers treated with hCG that did not have a CL present tended (P = 0.08) to have decreased concentrations of progesterone compared with hCG-treated heifers with 2 or more CL.
Characterization of Ovarian Dynamics in Developing Heifers
A retrospective analysis determined that the diameter of the dominant follicle on d 0 in heifers that became pregnant to TAI (10.8 ± 0.21 mm) was greater (P < 0.05) than heifers that did not become pregnant (10.2 ± 0.17 mm). In addition, heifers that became pregnant (0.39 ± 0.04 ng/mL) had decreased (P < 0.05) concentrations of progesterone on d 2 compared with those that failed to become pregnant (0.50 ± 0.03 ng/mL).
DISCUSSION
Replacing the initial injection of GnRH with hCG in the CO-Synch + CIDR protocol significantly reduced pregnancy rates. Similarly, when 1,000 IU of hCG replaced the first injection of GnRH of a CO-Synch + CIDR protocol, overall pregnancy rates were decreased (39 vs. 53%) in beef cows receiving hCG compared with those receiving GnRH (Burns et al., 2008) . Differences in pregnancy rates were only observed in cows that were cyclic at the initiation of the estrus synchronization protocol (35 vs. 55% for hCG and GnRH, respectively) compared with those that were not cyclic at the initiation of the protocol (48 vs. 49% for hCG and GnRH, respectively; Burns et al., 2008) . In our study, however, no treatment × cyclic status interaction was observed and heifers that were cyclic at the initiation of treatments had pregnancy rates similar to those of noncyclic heifers. In a multi-location study, noncyclic heifers had pregnancy rates similar to cyclic heifers treated with the CO-Synch + CIDR protocol (Lamb et al., 2006) .
In dairy cows, hCG successfully substituted for GnRH in both TAI and estrus detection protocols with no differences among treatments in pregnancy rates or estrus response (De Rensis et al., 1999 . Interestingly, both protocols resulted in pregnancy rates similar to those observed in untreated cows inseminated after detection of estrus (De Rensis et al., 2002) . However, when hCG was substituted for both injections of GnRH in a CO-Synch protocol in beef cows, pregnancy rates tended (P = 0.09) to be greater for those cows treated with GnRH (48%) compared with those treated with hCG (34%; Geary et al., 2001) .
Heifers treated with hCG at the time of CIDR insertion had greater concentrations of progesterone at the time of CIDR removal and at the time of TAI (d 2) compared with heifers treated with GnRH. When dairy cows received hCG or GnRH on d 4 to 9 after AI, the increase in concentrations of progesterone from the time of treatment to 7 d later was greater for cows treated with hCG compared with those treated with GnRH (Stevenson et al., 2007) . Replacing GnRH with hCG in the CO-Synch protocol in beef cows resulted in increased concentrations of progesterone on the day of PGF 2α administration, but similar concentrations of progesterone were present at the time of AI (Geary et al., 2001) .
Holstein heifers receiving hCG had greater mid-cycle concentrations of progesterone and estrous cycle length compared with heifers treated with saline (Helmer and Britt, 1987) . Heifers treated with hCG had a similar rate of progesterone decline during the 72 h before estrus compared with saline-treated heifers (Helmer and Britt, 1987) . However, heifers treated with hCG had greater mid-cycle concentrations of progesterone and fewer PGF 2α pulses during the 24 h after the onset of progesterone decline, which subsequently resulted in a greater interval (0.9 d) required for progesterone to decline to less than 1 ng/mL (Helmer and Britt, 1987) . Although the interval from PGF 2α and CIDR removal to estrus was not determined in the current study, this rationale may explain the greater concentrations of Means differ (P < 0.01).
progesterone observed 2 d after PGF 2α administration; concentrations of progesterone were increased at the time of PGF 2α administration in heifers treated with hCG compared with those treated with GnRH.
The smaller diameter of the dominant follicle at the time of CIDR removal in the current study may be a reflection of the greater concentrations of progesterone at the time of CIDR removal and subsequent breeding in cattle treated with hCG at CIDR insertion. In heifers with decreased concentrations of progesterone at GnRH administration, follicle diameter was larger, and GnRH-mediated LH response and subsequent ovulation rate were greater compared with heifers that had increased concentrations of progesterone (Colazo et al., 2008; Dias et al., 2010) . Therefore, increased concentrations of progesterone may have reduced LH release to receptors on smaller follicles of hCG-treated heifers. Reduced LH release may have influenced the ovulation rate to the GnRH of TAI and may have been responsible for the observed reduction in pregnancy rates of heifers treated with hCG at CIDR insertion. Schmitt et al. (1996) postulated that hCG may have a greater capacity to luteinize preovulatory follicles compared with GnRH. In the current experiment, administration of hCG resulted in a greater proportion of heifers ovulating compared with administration of GnRH. Similarly, a greater proportion of prepubertal beef heifers given hCG ovulated compared with administration of GnRH (Dahlen et al., 2011) . Ovulation to the initial injection of GnRH in the Ovsynch estrus synchronization protocol is an indicator of success in lactating dairy cattle (Vasconcelos et al., 1999) . In addition, a protocol that improved the percentage of lactating dairy cows that ovulated to this injection achieved greater pregnancy rates compared with results obtained using the traditional Ovsynch protocol (Bello et al., 2006) .
In our study the proportion of heifers ovulating in response to treatment was increased by replacing GnRH with hCG, but this failed to increase subsequent pregnancy rates. In addition, no differences in pregnancy rates were observed among heifers that did or did not ovulate in response to administration of GnRH or hCG at the time of CIDR insertion. Thus, failure to cause an ovulation after the administration of GnRH or hCG on the day of CIDR administration did not appear to limit the success of the CO-Synch + CIDR protocol in beef heifers. Lamb et al. (2006) postulated that the reason for poor results to TAI protocols was due to an inability of GnRH to consistently synchronize follicular waves in heifers and proposed that a GnRH injection at the time of CIDR insertion may not be warranted.
Heifers treated with hCG at the time of CIDR insertion had follicles that were smaller at the time of CIDR removal compared with those treated with GnRH. This was likely influenced by the greater proportion of heifers ovulating after treatment with hCG compared with GnRH. Similarly, 7 d after lactating dairy cows received a postinsemination treatment with hCG or GnRH, diameter of the largest follicle present on the ovaries was smaller compared with that of untreated cows (Stevenson et al., 2007) . Perhaps increasing concentrations of progesterone in heifers treated with hCG had a greater negative feedback on LH response resulting in follicles that were smaller at the time of CIDR removal compared with heifers treated with GnRH.
The follicle in the 5-d CO-Synch + CIDR protocol (Bridges et al., 2008) would be 2 d younger than that of the 7-d CO-Synch + CIDR protocol (current study), which may result in smaller follicles at the time of TAI. Pregnancy rates from the 5-d CO-Synch + CIDR protocol were greater than those of the 7-d CO-Synch + CIDR (Bridges et al., 2008 ). In the current study, heifers pretreated with hCG on d −21 that ovulated to treatment administration on d −7 had smaller follicles at the time of CIDR removal (9.7 mm) compared with those pretreated with hCG that did not experience a treatment-induced ovulation (11.3 mm) and control heifers that did (10.4 mm) or did not (10.5 mm) experience a treatment-induced ovulation. However, the group that had the smallest follicle size at CIDR removal (heifers pretreated with hCG on d −21 that ovulated as a result of d −7 treatment) also had the greatest numerical pregnancy rate. In addition, in a model that produced a large proportion of double ovulations, the smaller of the 2 GnRH-induced (9.2 mm) or spontaneous (10.5 mm) ovulating follicles resulted in fertile ovulations (Mussard et al., 2007) . Therefore, dominant follicle diameter may not be the only indicator of health and viability of the ovulated oocyte.
A relatively large proportion of heifers were not cyclic (48.5%) at the initiation of the pretreatment portion of the current study. This was notably less than the range of cyclic females in recent reports. A multilocation study reported that 88.9% of heifers were cyclic, ranging from 78 to 100% in 12 herds (Lamb et al., 2006) . Exposure to a progestin or progesterone may result in initiation of cyclicity in noncyclic or prepubertal females (Short et al., 1976) . Administration of hCG to heifers 14 d before the initiation of the CO-Synch protocol increased concentrations of progesterone 7 d after treatment, increased the number of CL present at protocol initiation, and increased the proportion of noncyclic heifers experiencing an increase in concentrations of progesterone between d −21 and −14. In addition, noncyclic heifers treated with hCG had concentrations of progesterone similar to cyclic heifers in either pretreatment group at the time of CIDR removal, whereas noncyclic control heifers had decreased concentrations of progesterone.
Pregnancy rates of cyclic heifers pretreated with hCG on d −21 and noncyclic control heifers tended to be greater than cyclic control heifers. Presynchronization with a previously used CIDR for 15 d increased the size of the dominant follicle and subsequent ovulation rate to GnRH upon CIDR removal in suckled beef cows; however, pregnancy rates were not consistently improved (Small et al., 2009 ). Cattle exposed to pre-synchronization had fewer CL at the time of GnRH administration compared with untreated controls (Small et al., 2009 ). In the current study, however, pretreatment with hCG resulted in a greater number of CL at the time of CIDR insertion and removal, and no improvements in ovulation to hCG or GnRH at CIDR insertion were observed.
Administration of GnRH 6 d before initiation of a CO-Synch protocol failed to improve pregnancy rates in peripubertal heifers compared with CO-Synch alone (Dahlen et al., 2003) . In an attempt to mimic the increased concentrations of progesterone in an estrous cycle before a successful pregnancy, cyclic heifers receiving hCG on d 4 of the estrous cycle preceding breeding did not have improved pregnancy rates compared with untreated heifers (Breuel et al., 1990) . The tendency for increased pregnancy in heifers pretreated with hCG may warrant further investigation as a strategy to improve pregnancy rates in heifers cyclic before the initiation of the breeding season.
Our results indicate that hCG is superior to GnRH in its ability to induce ovulation and increase concentrations of progesterone in replacement beef heifers. Administration of hCG tended to increase pregnancy rates of cyclic heifers when administered 14 d before the initiation of the CO-Synch + CIDR protocol. However, hCG decreased pregnancy rates when administered in place of the first injection of GnRH in a CO-Synch + CIDR protocol.
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